Objective-Many individuals entering treatment are involved in social networks and activities that heighten relapse risk. Consequently, treatment programs facilitate engagement in social recovery resources, such as Alcoholics Anonymous (AA), to provide a low risk network. While it is assumed that AA works partially through this social mechanism, research has been limited in rigor and scope. This study used lagged mediational methods to examine changes in pro-abstinent and pro-drinking network ties and activities.
Introduction
Prominent theories and research highlight the importance of social processes and social network characteristics as potent correlates of alcohol use and the relapse-recovery process (Bandura, 1997; Beattie and Longabaugh, 1999; Fals-Stewart et al., 2003; Groh et al., 2008; Laudet et al., 2002; Marlatt and Gordon, 1985; McCrady, 2004 : Moos, 2007 Rosenquist et al, 2010; Witbrodt and Kaskutas, 2005) . From a treatment perspective, assessing what patients do and with whom, are critical variables to consider in relapse prevention planning. Treatment programs typically work with patients to help them identify and cope with high risk individuals, settings, and activities that may undermine recovery efforts. Programs also make targeted referrals to socially-based continuing care resources in the community, such as Alcoholics Anonymous (AA) or Narcotics Anonymous (NA) (Humphreys, 1997; Laudet and White, 2005; Fenster, 2006; Kelly and Yeterian, 2008) to enhance protective influences post discharge. Such organizations can provide access to dense social networks comprised of abstinent role models that encourage sober and rewarding activities (Alcoholics Anonymous, 1957; Litt et al, 2009; Moos, 2007) .
Evidence from a large number of studies reveals that AA and NA participation is strongly associated with abstinence and recovery (Kaskutas, 2009; Emrick et al., 1993; Humphreys, 2004; Timko et al, 2000) , may potentiate and extend the benefits of SUD treatment (Emrick et al, 1993; Fiorentine and Hillhouse, 2000; Kelly and Yeterian, 2008; Kelly et al., 2010; Moos and Moos, 2004) , and may help reduce health care costs while producing better recovery rates (Humphreys and Moos, 2001; Humphreys et al, 1996) . One of the mechanisms through which AA may confer these recovery-related benefits is by mobilizing adaptive social network changes that, in turn, support sober activities. Changes in what one does, and with whom, could reduce exposure to alcohol-related cues, thereby reducing cueinduced craving and relapse risk (Fox et al., 2007) .
The influence of social networks on a variety of health behaviors, including alcohol use, has become a central focus in recent years (Galea et al., 2004; Rosenquist et al., 2010; Valente, 2010) and emerging research on the mechanisms of AA's effects points to a role for social processes. For example, Humphreys et al. (1999) found 12-month cognitive and behavioral coping, friendship quality, and network support for abstinence partially mediated the relationship between 12-step involvement following inpatient treatment and 12-month outcomes. Social support in the first 12 months of mutual-help involvement has also been shown to mediate the relationship between affiliation and substance use two years later among individuals with co-occurring substance and mental disorders (Laudet et al., 2004) . Research has supported the role of social networks, particularly AA-related support, in longterm recovery. In a mixed sample of inpatients and outpatients, Kaskutas et al. (2002) found that social network influences were mediators of 12-month abstinence. Specifically, a larger social network and greater network support for abstinence partially explained the relationship between greater AA involvement and better outcomes. In tests of individual predictors, reducing pro-drinking influences and increasing AA-related support for abstinence were most important (Kastukas et al., 2002) . However, in a subsequent analysis, only AA-specific network support mediated alcohol abstinence three years after treatment (Bond et al., 2003) .
Due to the prognostic implications of patients' social network ties and activities, different professionally-led treatments have been compared regarding their ability to effectively counteract this social relapse risk. A recent randomized study with alcohol dependent outpatients conducted by Litt et al. (2009) attempted to increase social network support for abstinence by systematically encouraging patients to make use of the social aspects of AA. Using the Important People and Activities (IPA) instrument (Clifford and Longabaugh, 1991) to measure abstinent network members and their behavioral and attitudinal support for drinking or abstinence, the investigators compared this social Network Support (NS) intervention to two separate active comparison treatments. Results revealed that those in the 12-step oriented NS condition gained 20% more days abstinent as well as greater AA attendance and involvement at 2-year follow-up. Furthermore, AA participation and the number of abstinent friends in the NS condition were found to partially mediate this effect (Litt et al, 2009 ).
In Project MATCH (Project MATCH Research Group, 1993) , patients that had heavy drinking social networks at the start of treatment who were randomly assigned to a treatment designed to facilitate AA participation (i.e., Twelve-Step Facilitation [TSF]) had better longterm outcomes after three years than patients assigned to either a cognitive behavioral or motivational intervention. This treatment matching effect was partially mediated by AA attendance during the 3-year follow-up period (Longabaugh et al, 1998 (Longabaugh et al, , 2001 ). This matching effect was not observed at the 1-year follow-up on measures of alcohol use. However, a further analysis of Project MATCH data examined this same attribute by treatment interaction matching effect but on 1-year post-treatment alcohol-related consequences using growth mixture modeling. Results from this analysis once again revealed greater benefit for outpatients assigned to TSF, but in this case at 1 year posttreatment (Wu and Witkiewitz, 2008) .
Of note was that Project MATCH patients electing to attend AA, irrespective of which treatment they initially received, had significantly better outcomes overall (Tonigan et al, 2003) . How AA attendance led to these improvements has become a focus of investigation (e.g., Kelly et al, 2010a; Kelly et al, 2010b; Tonigan et al, 2002) , but whether AA's association with better outcomes found in MATCH can be explained by AA's ability to mobilize social process changes has yet to be examined. In the present study, we make use of the large, multisite, sample collected in Project MATCH and employ a prospective design to examine the extent to which AA independently influences four social recovery processes: reductions in high risk social network ties; increases in low risk social network ties; reductions in drinking-related activities; and increases in abstinence-related activities. We conduct lagged meditational tests that yield estimates of the proportion of the direct effect of AA on drinking outcomes that is accounted for by each of these four purported mechanisms. We hypothesize that more frequent AA attendance will be associated with more abstinence and less intense alcohol use. Also, greater AA attendance will be associated with decreased involvement with high-risk social network ties (i.e., those individuals that condone or support alcohol use), increased involvement with low risk social network ties (i.e., individuals supportive of abstinence), increased engagement in abstinent-related activities, and decreased engagement in drinking-related activities. We also investigate whether AA's ability to adaptively influence these social network variables depends on the starting (study intake) level of that variable (e.g., does AA's ability to effectively reduce pro-drinking influences depend on the extent of those pro-drinking influences at study intake). Finally, we predict that recovery-supportive changes among these four social processes will be associated with positive outcomes, and that the effect of AA on subsequent alcohol use, will be partially mediated by these processes.
Method

Subjects
This study utilizes the Project MATCH outpatient (n = 952; 72% male) and aftercare (n = 774; 80% male) samples followed through 15 months. Inclusion criteria were current and primary DSM-III-R diagnosis of alcohol abuse or dependence, a minimum age of 18, and a minimum sixth grade reading level. Section 3.1 below provides further details.
Procedures
Subjects were randomly assigned to one of three individually-delivered, psychosocial interventions: Cognitive Behavioral Therapy (CBT; Kadden et al., 1992) , Motivational Enhancement Therapy (MET; Miller et al., 1992) , and Twelve-Step Facilitation Therapy (TSF; Nowinski et al., 1995) . TSF and CBT were delivered in 12 weekly sessions; MET sessions were delivered only at weeks 1, 2, 6 and 12. Participants were reassessed at 3, 6, 9, 12 and 15 months following treatment, and follow-up rates remained over 90%. More complete details can be found in Project MATCH Research Group (1997).
Alcohol and AA measures
2.3.1. Alcohol use-Alcohol consumption was assessed using the Form 90 (Miller and Del Boca, 1994) , which combines an interview procedure with calendar-based and drinking pattern estimations. The Form 90 also collects data on drug use, treatment, incarceration, and AA involvement in the past 90 days.
Alcoholics
Anonymous attendance-AA attendance was assessed using the Form 90, which captured the number of AA meetings attended during the past 90 days at intake and 3, 6, 9, 12, and 15 months. The proportion days attending AA was created by dividing the number of days attended by the total number of days in the period.
Social Network Support and Activity measures
These constructs were assessed using the Important People and Activities (IPA) Instrument (Clifford and Longabaugh, 1991) . This measure captures the drinking status and influence of the most important people in patients' networks along multiple dimensions including patients' social activities.
The IPA collects detailed data on four "important" people in an open item stating: "please name the four people most important to you in the past 6 months". For these four people, patients were asked how each reacted to their abstinence or drinking. The response options were the same for each: 1 = left, or made you leave when you were not drinking/drinking, 2 = didn't accept, 3 = neutral, 4 = accepted, 5 = encouraged, 8 = person did not know about not drinking/drinking, and 9 = not applicable. A person was recorded as allowing/encouraging abstinence/drinking if they endorsed either code 4 or code 5. They were recorded as "discouraging" abstinence/drinking if they endorsed either code 1 or code 2. In preliminary analyses, we found that there was a strong correlation between encouraging abstinence and discouraging drinking, and vice versa. On this basis, we combined these into a paired items, pro-abstinence and pro-drinking. A person was coded as "pro-abstinence" if s/he either encouraged abstinence or discouraged drinking, or both. A person was coded as "prodrinking" if s/he either encouraged drinking or discouraged abstinence, or both. The number of each type of network members was summed to produce a scale range 0-4. Someone could list four people all neutral about drinking, in which case they would get a count of 0 for both measures.
Respondents were asked to list activities during the past 6 months "which you spend a lot of time doing, or activities you did, perhaps spending less time, but which were important to you and the way you lived." For each activity, participants were asked how often others drank during the activity. Participants were allowed to list only the four most important activities. The items had the following response options: 0 = never, 1 = rarely, 2 = sometimes, 3 = often, 4 = usually, and 5 = always. From these data we counted "abstinent activities" as those where others drank never or rarely (codes 0 and 1, both items having to be non-missing). Something was counted as "drinking activities" if others drank often to always (codes 3-5). The number of each type of activity was summed to produce a scale 0-4.
Statistical methods
2.5.1. Data preparation and descriptive analyses-The dependent variables (percent days abstinent [PDA] , drinks per drinking day [DDD] ) and the independent AA attendance variable were transformed prior to analyses (PDA/arcsine transformed; DDD/square root transformed, and AA attendance/log transformed; Tabachnick and Fidell, 2001 ). Due to the number of tests conducted and the large sample sizes, the threshold for statistical significance was set at .01 for the main legs of the mediational analyses, as a partial Bonferroni correction.
Lagged, controlled mediation analyses-To examine the relationship between
AA attendance, the four network variables (i.e., pro-abstinence, pro-drinking, abstinent activities, drinking activities), and alcohol use, we used a general linear model (GLM) controlling for baseline covariates. We ran these models separately for the aftercare and outpatient samples and for each alcohol use outcome variable (PDA, DDD) to examine: (1) the independent (AA attendance) to dependent variable path, (2) the independent to mediator (network support/activities) path, and (3) the mediator to dependent variable path. To make the tests prospective (lagged), we used time points in which predictors were used for outcomes (i.e., AA attendance past 90 days at month 3 to predict network support/activities at month 9 [past 6 months] and alcohol use at month 15 [past 90 days]; similarly, we used network support/activities at month 9 to predict drinking at month 15 [past 90 days]). The static covariates were age, ethnicity, gender, marital status, employment status, number of prior alcohol-related treatments, treatment assignment, treatment site, the relevant baseline level of the dependent variable (i.e., network support/activities, PDA, DDD). Figure 1 shows this model.
Missing data-
To address missing data, we used multiple imputation (Little and Rubin, 2002) . Missing data for key variables ranged from 0.05% for baseline AA attendance to 7.8% for drinking at months 13-15. Since missing data patterns were non-monotone (i.e., many were intermittently missing), the Markov Chain Monte Carlo (MCMC) method for multiple imputation was used (Gilks et al., 1996) . We performed ten imputations using MI and MIANALYZE in SAS 9.2, and reported statistics are averaged across imputations (Barnard and Rubin, 1999) .
Tests of statistical mediation-Mediation
analyses were conducted using methods described by MacKinnon and colleagues (MacKinnon and Dwyer, 1993; MacKinnon et al., 2002) . The method tests directly for the existence of a significant path from the independent variable (A) through the mediator (B) to the outcome (C) by computing a product of the standardized regression coefficients for the A-B and B-C associations. The Z score can then be compared to critical significance levels developed by MacKinnon. This joint significance test has been shown to produce optimal power and the most accurate Type I error rates in all cases compared to other methods, including the Sobell t-test of for mediation (see MacKinnon et al., 2002) .
Results
Sample descriptive data
Participants were 1,726 alcohol dependent patients comprised of 774 patients recruited following a residential treatment (aftercare sample) and 952 patients recruited without prior residential treatment (outpatient sample). Patients were on average 40 years old, 20.5% female, 34.8% married and 49.3% employed full-time. Of the aftercare patients, 80.5% were White, 14.8% were Hispanic, 3.5% were black and 1.2% were of another ethnicity. Of the outpatients, 79.8% were white, 5.6% were Hispanic, 12.3% were black and 2.2% were of another ethnicity. Overall, outpatients were significantly younger, more residentially stable, and less dependent on alcohol than the aftercare patients (Goodman et al., 1992; Timko et al., 1993) . A smaller proportion of outpatients (45%) than aftercare patients (62%) reported prior AUD treatment. The majority of patients in each arm (95% outpatient, 98% aftercare) met criteria for dependence as opposed to abuse using the Structured Clinical Interview for DSM-III-R (Spitzer and Williams, 1985) . Table 1 shows the relationship between AA and subsequent (lagged) alcohol use (PDA; DDD) among outpatient and aftercare patients. As anticipated, there were consistent associations between more frequent AA attendance during months 0-3 and less frequent, and less intense, alcohol use at 12-15 month follow-up. Among the covariates examined, age had a negative association with PDA among outpatients with younger adults drinking more frequently than older adults (b = -.0044, p < . 0001). In the aftercare sample, a greater number of prior treatments was associated with more intensive drinking (DDD; b = .1775, p < .001). Table 2 shows the relationships between AA attendance and the four network support/activity variables. Consistent across aftercare and outpatient participants, greater AA attendance was associated with increases in proabstinent network ties and in abstinent activities as well as decreases in pro-drinking network ties and drinking activities at 9 months after controlling for baseline covariates. There was one interaction detected among aftercare patients. Specifically, high AA attendance (i.e., attending AA three or more times per week) during months 0-3 increased 9m abstinent activities more (mean difference = 1.39) for patients who had very low levels of abstinent activities at intake, but did not significantly increase abstinent activities for those already high in abstinent activities at intake (mean difference = 0.08; t = -2.62, p =. 009). Among the covariates examined, a greater number of prior treatments was associated with a reduced 9-month pro-drinking network among outpatients. Also among outpatients, males had significantly more drinking activities (b = -.2996, p < .001) and fewer abstinent activities (b = .3438, p < .01) than females. In addition, unmarried status was associated with more drinking activities among outpatients (b = .2841, p < .001).
AA and network support/activities-
3.2.3.
Relationship between network support/activities and alcohol use outcomes-With the exception of drinking activities among outpatients in predicting DDD (p=.06), when examined as individual predictors, both pro-abstinent and pro-drinking social ties and abstinent and drinking activities were significantly associated with PDA and DDD in the expected directions (ps<.006). However, when these mediators were combined in one model to predict drinking outcomes abstinent and drinking activities were no longer significant (see table 3). For both outpatient and aftercare participants, pro-abstinent network ties were significantly positively associated, and pro-drinking network ties were significantly negatively associated, with PDA. For DDD, only pro-drinking social networks met our criterion for statistical significance (i.e., <.01; see Table 3 ) among outpatient and aftercare participants. For significant covariates, younger age (b = -.0048, p < .001) and greater prior treatment episodes (b = -.0312, p < .01) were associated with lower PDA among outpatient participants. For DDD, prior treatment was positively associated with drinking intensity in both outpatient and aftercare samples (b = .1110, p < .005, b = .1900, p < .001).
Social networks and activities as mediators of AA's effect on alcohol
use-We conducted mediation analyses for the cases where all paths in the lagged models were statistically significant using the MacKinnon method noted previously. As shown in Table 4 , there was significant consistent mediation observed for pro-abstinent and prodrinking network ties across the outpatient and aftercare samples on PDA. This ranged from a low of 7% of the direct effect between AA and PDA (mediated by pro-abstinent network ties for aftercare patients) to a high of 16% of the direct effect (mediated by pro-abstinent network ties for outpatients). AA-influenced reductions in pro-drinking network ties explained 13% of the effect on PDA for both patient samples. In contrast, there was less consistency in the meditational effects of the social network variables for intensity of drinking (DDD). Having more pro-abstinent network ties did not help explain lower DDD in relation to AA attendance for either outpatient or aftercare patients. However, reductions in pro-drinking network ties explained a portion of the effect of AA on DDD among outpatient (14% of the direct effect) and aftercare patients (12% of the direct effect).
Subsidiary Analyses-
To elucidate the practical significance of these findings we examined how different levels of AA attendance were related to salutary changes among network ties, and how changes in network ties, in turn, related to changes in alcohol use. Figure 2 shows the relationship between different frequencies of AA attendance and the percent change in both pro-abstinent and pro-drinking network ties from treatment intake to the 9-month follow-up. As shown, increasing AA attendance appears to exert a substantial monotone effect on decreasing pro-drinking network ties and a similar, although less substantial, linear effect on increasing pro-abstinent network ties. Among aftercare patients, increasing attendance from none or once or twice per week to three or more times per week reduced the number of pro-drinking network ties by a further 20% (from -45.54 to -65.66); among outpatients this reduction was in the range of 20-30%. Similarly, increasing AA attendance from none to three times per week was associated with a 10% and 15% increase in the number of pro-abstinent network ties among the aftercare and outpatient samples, respectively.
In terms of changes in alcohol use, the influence of pro-drinking network ties on PDA and DDD was more influential than pro-abstinent network ties. For example, for every prodrinking network tie present among aftercare patients there was a 9.6% reduction in PDA and a 20.1% increase in DDD; among outpatients there was 6.5% reduction in PDA and a 35.9% increase in DDD. In contrast, for every pro-abstinent network tie present among aftercare patients there was a smaller magnitude 3.4% increase in PDA and 5.0% decrease in DDD; among outpatients this effect translated into a 3.7% increase in PDA and a 9.9% decrease in DDD.
Discussion
This study found that AA attendance was consistently associated with better alcohol use outcomes as well as increases in abstinent activities and social network support for abstinence, and decreases in drinking activities and social network support for drinking. In addition, when examined separately, social ties and activities both predicted drinking outcomes, but when combined it was network ties rather than activities that were most influential in relation to better alcohol use outcomes. Lagged mediational analyses revealed that AA's association with greater abstinence was partially explained by its ability to both increase pro-abstinent network ties and decrease pro-drinking network ties, whereas its association with decreased intensity of alcohol use was partially explained by reductions in pro-drinking network ties only. Subsidiary analyses revealed the relatively greater benefit of reducing pro-drinking ties compared to increasing pro-abstinent ties, on alcohol use outcomes, and that greater AA attendance was associated with larger magnitude reductions in pro-drinking influences compared to increases in pro-abstinent influences.
Controlling for a number of confounding variables, including MATCH treatment assignment and the intake level of each hypothesized mechanism, attending AA during the first 3 months of the trial was associated with significant subsequent increases in the two social network support mediators and in the two social activity mediators. These results indicate that, over and above the therapeutic impact of the outpatient-delivered MATCH treatments, participation in AA increases network ties associated with abstinence and reduces network ties associated with drinking. It also enhances engagement in abstinent activities and reduces engagement in drinking activities. This pattern of findings was consistent across both the aftercare and outpatient arms of the trial, suggesting AA appears to mobilize adaptive social network and activity changes across individuals exhibiting a broad range of alcohol-related involvement and impairment.
When examined in the same lagged model predicting alcohol abstinence (PDA), only reductions in pro-drinking network ties and increases in pro-abstinent network ties conferred a unique and independent effect across both patient samples and in the expected directions. This suggests that while reducing drinking-related and increasing abstinencerelated social activities may be helpful for sobriety, it is by increasing engagement with proabstinent ties, while also decreasing engagement with pro-drinking ties, that may make the most difference to sobriety. The subsidiary analyses also highlight the fact that at this stage of the recovery process, it is the reduction in pro-drinking networks that confers the greatest benefit on abstinence and drinking intensity.
The clinical implications of these findings are two-fold. First, as has been reported previously (Tonigan et al, 2003) , regardless of the type of formal treatment, attending AA is likely to enhance abstinence. Second, whether patients attend AA or not, clinicians may wish to emphasize, in particular, the avoidance of former drinking acquaintances. Further, active engagement with abstinent acquaintances may provide an additional benefit. This emphasis on increasing alternative (non alcohol-related) rewarding social ties is a principal goal in well-supported approaches to treating addiction (e.g., the Community Reinforcement Approach; Azrin, 1976; Azrin et al., 1982) . Regarding intensity of alcohol use (i.e., DDD), our analyses found mediational effects for reductions in pro-drinking ties only. The pattern of findings suggests when it comes to heavy alcohol use and relapse, pro-drinking network ties are detrimental even in the presence of pro-abstinent ties, and AA appears to work at least partially in reducing drinking intensity by reducing pro-drinking social networks.
Our analyses revealed that AA was associated both with significant increases in the proabstinence social network and significant decreases in the pro-drinking social network, which were both found to be mechanisms through which AA leads to greater rates of abstinence. These findings suggest that AA may exert its beneficial effects through two independent social mechanisms. However, as depicted in figure 2 the larger effect was related to AA's influence on reducing pro-drinking social ties. Most importantly, AA attendance may reduce relapse risk by reducing exposure to, or engagement with, people that support alcohol use. In addition, however, AA may also reduce relapse risk by enhancing the rewarding aspects of sobriety that come with greater engagement in a social recovery network. In other words, at this stage in the recovery process, high risk avoidance may be particularly important, but alternative and safe, social engagement may provide a smaller but additional benefit. AA appears to facilitate both.
Limitations
This study has some limitations, which should be considered. The sample was mostly male and Caucasian and participants were recruited to participate in a rigorous controlled trial. Thus, it is unknown to what extent these findings extend to other groups, particularly nontreatment-seeking populations. Although we found that the measures of our hypothesized social mechanisms were sensitive to change and were successful mediators of AA attendance, social influence is clearly a highly complex and multidimensional construct (Valente, 2010) . Furthermore, the four social processes were examined simultaneously in relation to drinking outcomes. Although the inter-correlations among these variables were generally low, this analysis yielded potentially more conservative estimates than might have been obtained had each mediator's effect on drinking been obtained separately. In addition, although we employed a lagged design, our findings relate specifically to the influence of AA attendance during outpatient-delivered treatment on subsequent social network/activity changes and subsequent alcohol use. Inferences to the influence of AA on social processes later in recovery should not be made without further longitudinal investigation. Additional research is needed to determine how optimally to measure and model these complex phenomena and to determine how they may shape human behavior over time (Valente, 2010) .
Conclusions
The investigation of mechanisms of behavior change is a relatively new endeavor in the addiction treatment and recovery field. A number of mechanisms through which AA may exert its beneficial effects have been investigated. These have included investigations on negative affect (Kelly et al., 2009; Kelly et al., 2010a; Kelly et al., 2010b) , spirituality (e.g., Zemore, 2007) , common processes variables (e.g., motivation, coping, self-efficacy; Connors et al, 2001 , Morgenstern et al, 1997 Kelly et al., 2000) and social network mechanisms (e.g., Bond et al, 2003; Kaskutas et al, 2002) . Using a uniquely large clinical alcohol use disorder sample exhibiting a wide range of alcohol-related involvement and impairment as well as a lagged, prospective study design, we found that AA also seems to promote abstinence and recovery by mobilizing important changes in social processes. Most importantly by reducing exposure to and involvement with pro-drinking social ties, but also by increasing exposure to, and involvement with pro-abstinent social ties. One of the potential "downstream" mechanisms by which such changes may decrease relapse risk is by reducing or eradicating exposure to alcohol related cues, thereby reducing craving, while simultaneously allowing or encouraging individuals to experience new social connections that are potentially rewarding and help reinforce recovery. AA appears to be an influential community resource that is able to effectively mobilize adaptive social changes that, in turn, enhance the chances for recovery from alcohol use disorder. Relationship between frequencies of AA attendance and changes in pro-abstinent and prodrinking network ties. Table 1 GLM results for AA attendance (0-3m) predicting transformed 
